Case Report
A 53-year-old woman visited Kanazawa University Hospital because of Graves disease and thyroid-associated ophthalmopathy. Her mother also had thyroid disease. Her thyroid function became normal by low-dose methimazole (MMI). She was treated with intravenous methylprednisolone pulse therapy, and this improved her diplopia. She did not have a systolic murmur or Marfan syndrome (MFS)-like physical characteristics. Furthermore, echocardiography showed no mitral valve prolapse (MVP) or other abnormalities. MMI was Abbreviations: ATD, autoimmune thyroid disease; MFS, Marfan syndrome; MMI, methimazole; MR, mitral regurgitation; MVP, mitral valve prolapse; TSH, thyroid-stimulating hormone.
terminated after 6 years because of normalization of serum thyroid hormone levels and thyroid-stimulating hormone (TSH) antibody levels.
Nine months after MMI was stopped, she presented with dyspnea on exertion, hyperthermia, increased sweating, and diarrhea. Her Glasgow Coma Scale was 15 (E4V5M6). An apical systolic murmur (Levine scale 4/6) was audible. She had no obvious thyroid swelling or exophthalmos. However, she had pitting edema in both lower extremities. Her physical parameters and thyroid hormone profile are shown in Table 1 . Laboratory data, including a complete blood count, were within normal limits. Cardiac enzymes, liver enzymes, renal function, and electrolyte levels were also within normal limits or slightly elevated. Her blood cultures were all negative. Thyroid ultrasonography was performed and showed results compatible with Graves disease. An electrocardiogram on admission showed atrial fibrillation at a rate of 100 beats/minute and no ST-T changes. Echocardiography revealed severe mitral regurgitation (MR) as a result of prolapse of the posterior mitral leaflet and moderate tricuspid regurgitation, which had not been detected before, and mild dilatation of the left atrium and ventricle. Left ventricular wall thickness was normal, and systolic function was preserved. Transesophageal echocardiography showed no vegetation or calcification on the valves (Fig. 1) .
She was diagnosed with definite thyroid storm as a result of the recurrence of Graves disease, according to the Japan Thyroid Association guideline [1] . She met the prerequisites for thyrotoxicosis, based on the following criteria: (i) fever (38°C or higher), (ii) congestive heart failure (class IV by the New York Heart Association classification) and MVP, and (iii) diarrhea.
The patient was given MMI, a beta-blocker, hydrocortisone, and potassium iodide for thyroid storm. In addition, furosemide, human atrial natriuretic polypeptide, olmesartan, spironolactone, and heparin were given as a standard treatment of acute heart failure. Ceftriaxone was also administrated only for 5 days as a result of suspicion of infectious endocarditis. Her dyspnea, leg edema, and diarrhea gradually improved, and her body temperature declined to 36°C to 37°C. Blood pressure and pulse rate also normalized. On day 30 after admission, her serum thyroid hormones had returned to almost normal (Table 1) , but echocardiography still showed severe MR, moderate tricuspid regurgitation, and mild dilatation of the left atrium and ventricle. On day 45, total thyroidectomy was performed. After thyroidectomy and the administration of 100 mg/day levothyroxine, her free triiodothyronine, free thyroxine, and TSH levels were within normal ranges. On day 59, minimally invasive cardiac surgery was performed for mitral valve repair. Rupture of mitral valve chordae tendineae (P3) was observed in the operative view. Histology revealed a disorganized fragmentation and tear of collagen and elastin fibers and myxomatous changes in the resected mitral valve, which was soft and flappy. There were no inflammatory cells (Fig. 2) . After the operation, the grade of MR improved to mild, and there was a decrease in left atrial dimension and serum brain natriuretic peptide levels ( Table 1) .
Discussion
We report a 60-year-old female with severe MR who was also diagnosed with recurrence of Graves disease. The resected mitral valve had a disordered arrangement of collagen and elastin fibers and myxomatous changes. The mitral valve degeneration and rupture of mitral valve chordae tendineae were thought to cause severe MR and acute heart failure. MVP is a common disorder, afflicting 2% to 3% of the general population [2] . MVP can be associated with substantial MR, bacterial endocarditis, congestive heart failure, and even sudden death [3] . It is characterized by typical fibromyxomatous changes in the mitral leaflet tissue with superior displacement of one or both leaflets into the left atrium [4] . Histological examination of myxomatous MVP leaflets characteristically demonstrates activated interstitial myofibroblast-like cells, disorganized fragmentation of collagen and elastin fibers, and expansion of the spongiosa layer as a result of the accumulation of proteoglycans and glycosaminoglycans, which extend into the load-bearing fibrosa [5] .
Autoimmune thyroid disease (ATD) is frequently linked to autoimmune cardiovascular involvement [6] [7] [8] and is associated with an increased prevalence of MVP [8] . MVP is also observed in the presence of connective tissue disorders, such as MFS, Loeys-Dietz syndrome, Ehlers-Danlos syndrome, osteogenesis imperfecta, and pseudoxanthoma elasticum [4] . The patients with ATD generally have increased glycosaminoglycan production in the orbital space, pretibial region, and cardiac valves. The mechanism of glycosaminoglycan accumulation in the mitral valve was determined in the same way as in the orbit (for example, induction of TGF-b and IGF) [9] . The augmented secretion and accumulation of glycosaminoglycans in the cardiac valve led to thickening of the leaflets and additional disturbance of collagen synthesis and finally, disruption of the fibrosa. Kahaly and Dillmann [8] reported the prevalence of myxomatous valves in patients with Graves disease, Hashimotos thyroiditis, and toxic nodular goiter. Myxomatous mitral valve was present in 33% of patients with Graves disease and 36% of those with Hashimotos thyroiditis but was not found in patients with a toxic nodular goiter [9] . They demonstrated that thyroid function has no influence on the incidence and intensity of the myxomatous valve degeneration. However, increased triiodothyronine leads to enhancement of cardiac contraction and high cardiac output, which could act on the vulnerable and fragile myxomatous mitral valve, resulting in rupture of mitral chordae tendinae. This was thought to cause exacerbation of MR and acute heart failure in the present case. Immediate improvement of thyroid function and normalization of cardiac contraction were needed to prevent acute MR, which is usually a result of acute disruption of the valve-restraining forces.
Currently, the mechanism of MVP in patients with thyroid autoimmunity is unclear. Reports on the effect of thyroid autoimmunity on interstitial myofibroblast-like cells and the formation of collagen and elastin fibers are limited. Furthermore, there are few case reports written in English on spontaneous rupture of mitral chordae tendineae in patients with hyperthyroidism [10] . The rupture of mitral chordae tendineae may be a rare complication, but ATD is a common disease. Patients with ATD should have regular follow-up to assess heart valve function, and treatment should be started if MVP is detected.
This case report has some limitations. We did not examine specific reported gene mutations that have been found in MVP (for example, FBN1 and TGFBR1 and TGFBR2 or the TGF-b2 ligand or TGFB, which characterize MFS) to exclude incidental combinations. However, our patient did not have such connective tissue disorders, as there were no characteristic physical findings.
In summary, the present case illustrated a possible cause for rupture of mitral valve chordae tendineae in a patient with Graves disease. Although rupture of mitral valve chordae tendineae is a rare complication, physicians should pay attention to heart murmurs and abnormal valve function on echocardiography in patients with ATD, which is clinically important because of the risk of life-threatening heart failure.
